Применение имитационного моделирования к решению задачи многопериодного портфельного анализа в условиях риска by Нефедов, А.Н.
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 6 [a, b]# 
a = −1−
∑
j∈J−
γj , b = 1−
∑
j∈J+
γj ,
 J+ h 21  ?0  M&2 γj > 0# J− h 
M&2 γj ≤ 0  72H. +2 &/ ? ?6 +8
. 6 0 21 {1, ..., N} ? -&..  0 +# +
 .  M&2# 6/ + 2 6/ +&.. 0.
6 &.
N∑
i=1
γi = 0   +&. γ -&.. &( +
/2 1 + 2 +&H 
 	  
  <B@
+$. &/ ?/ 9 αk +.1  ?02(H &18
( +& &. zk+1 ∈ Z &. &H- 
αk+1 =
⎧⎨⎩
2αk, & zk+1 = zk + αkγ  zk+1 ∈ Z,
αk
2 , & z
k+1 = zk  zk+1 ∈ Z,
αk,  &(0 &/.0 
/# / +6 6210 6/ ?/ 9 6  8
- +&.  -&..  0 +# +  ? +&
& αk+1 < ε  6?1 +&/. &&(0 9# +&(6.
+&&&( + 6 &(0 &/0 /&(0 +?&1 !2
2&( m<Dn"  +&H-2 ?2 &/9 6&( 
; 6&2 &>< 2'5< <'46' 9'>

&. ?  &/ $ q
(
C˜t (z)
)
2 +8
&6$ +7&. ?02 /( 0   C˜t (z) 6 28
 $ 
〈
C (t) , C (t)
〉
   ? +&. 2#
-&.H- 2+$H 0 6  + +2- 2062 8
.  -. +& 
 H +7&. C˜t (z)  &(92 ?2 ?6/( 7$ C (t) 
( ΔC (t) = C (t) − C (t) < 0 h +-#  ΔC (t) = C (t) − C (t) > 0 8
+&&( +&# +&/  22 2 t ∈ [1, T ] +
21 0 22 (  M− = {t|ΔC (t) < 0}  +6
M+ =
{
t|ΔC (t) > 0} + &6$  ! D"#  M = {M−}
h 21 0  M¯ = {M+} h 21 +60 +  8
 +7&. [1, T ] 
( C
<BB  
+ +- +& K (M−)  + M− 
K
(
M−
)
=
∫
M−
ΔC (t) dt,
 + +&&( +& K (M+)  + M+
K
(
M+
)
=
∫
M+
ΔC (t) dt.
2+$. K (M−) + +2- K (M+) -&..  +&(62
+$ . ?l2 K (M−,M+) + +& +68
/ &. 2+$ +&.. 9.2
K
(
M−,M+
)
=
∫
τ∈M−
←
ΔC (τ, τ + Δt) dτ ,
←
ΔC (τ, t) = ΔC(τ, t)
∫
r(τ,t)
r(τ, t)γ(r(τ, t))dr(τ, t),
ΔC (τ, t) = min
{
ΔC (τ) ,ΔC (t)
}
,
6(
←
ΔC (τ, t) h   22 2 τ +&# +&/ 
22 t# Δt = inf M+− inf M−# r (τ, t) h 2  21 222 τ  t#
γ (r (τ, t)) h +&( +&. 2  
&/ r (τ, t) /.  +&(62 72& &10 +$8

r (τ, t) =
t∏
l=τ
(1 + r (l)),
 M77$ . r (l)  22 2 l +&..  +&(8
62 . :9 m<n
r(l) = s(l) + i(l) + s(l)i(l),
 s(t) h . +$. #  i(t) h ( 7&.$ 
 &/ ? +&1. + M−  M+  2  28
+$. -&..  +&(62 +$ -.A
K
(
M−,M+
)
=
∫
τ∈M+
ΔC (τ, τ + Δt) dτ ,
←
ΔC (τ, t) = ΔC(τ, t)
∫
r(τ,t)
r−1(τ, t)γ(r(τ, t))dr(τ, t),
ΔC (τ, t) = min
{
ΔC (τ) ,ΔC (t)
}
,

ΔC (τ, t) h -  22 2 t +&# 22 τ  
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 <BE
( K
$ 2+$ 2&/ +. &H-2 9.2A
Kˆ
(
M−
)
= K
(
M−
)
+ K
(
M−,M+
)
,
Kˆ
(
M+
)
= K
(
M+
)−K (M−,M+) ,
 Kˆ (M−) h / +- +& 2+2 +# Kˆ (M+)
h / +&&( +& 2+H- + 
&  6&( 2+$ Kˆ (M+) = 0#  M¯H = M¯/M+ ! @"# &
Kˆ (M−) = 0#  MH = M/M−   -&..  0
+# + MH = ∅ & M¯H = ∅ 

&.  . +7& + H 2 +&6$
2( / +- & ?/ +&  8
  +.  2 22 2# +2#  /&(2
τ = 0 
  $ q 2 +&6$ +7&. 
q =
⎧⎪⎪⎪⎨⎪⎪⎪⎩
∑
M+⊆M¯H
∫
t∈M+
ΔCˆ (t)
∫
r(0,t)
r (0, t) γ (r (0, t))dr (0, t)dt, MH = ∅,∑
M−⊆MH
∫
t∈M−
ΔCˆ (t)
∫
r(0,t)
r−1 (0, t) γ (r (0, t))dr (0, t)dt, M¯H = ∅,
0, M¯ = ∅, M = ∅,
 Cˆ (t) h . . +7&. ! @"# ΔCˆ (t) = Cˆ (t) −
C (t) < 0# Δ¯Cˆ (t) = Cˆ (t)− C¯ (t) > 0 
 q ∈ R1 +&1&(   2 1 62 
 +&. ? $ 6210 +( & +&&( +?&#
 +$ &6$ +7&. 1 2(# / + 2 2&  ?&8
6  H / 2 # &&(# +. &. '#  
<BF  
+# +  . 6212 .(  ++/.  2
+6& 
?  &%%6'&#  C:<> 4& 9&%6

0&(. 7$. +&6 !:" u (CT , q) +&..  8
 72 mCnA
u (CT , q) = kCuC (CT ) + kquq (q) ,
 ++&1  62 + +&6  CT  q K( kC , kq >
0 h 9&H- # uC (CT )# uq (q) h & &( : 
& :   q -&..  +&(62 60
2 mC# <@n# 0  &(0 $0 ++/ '# 
+&.H. ?&.2 [qHi , q
B
i ] +&1. 20 M&8
 qˆi & Λ(qi, h) = 〈qi−h, qi+h, 0.5, 0.5〉# h > 0  +&2 92
q˜i = {qi − h, qi + h}   &6 21 & &. +8
2/ 2 7$ 6 +&10  mC# <@n# 6.-  
+2 λ = (λ1, ..., λn)#  ( +. . 7$. : 
2/. 7$. : uq(q, λ) -&.. 22 8
2(90 # / 72&6.   6/ & +26$
uq (q, λ∗) = arg min
uq(q,λ)∈U
s∑
i=1
(u¯q (q˜i, λ)− uq (qˆi, λ))2,
 X h ? +2/ 2 :#
u¯q (q˜i, λ) = 0.5 (uq (qi − h, λ) + uq (qi + h, λ))
h 12. +&6( & Λ (qi, h)#s h /& & 
& :   CT -&.. &/ 

'< !"
2. 6/  +&1 +0   9H#  &/  68
0 2# +6&.H 2( +7& $0 +
&H? +  /( 2+ + 0 &6$# /  $&2
?&  1 &( &. 621( +&(6. 68
&/0 2& / +&6$ #  &# / ?&(9 /&
7# +&.H-0 6&( +7&( $# +6&.H +8
( / +&/2 9. 
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 <B=
4%&<  68'6:8$
m<n 4+ 	 : # &  
1 # ,M& 
1  $ 78)# D>>@ 
mDn 2 ' 
1 # 
1 ) 
  . ) A 
&# <JJ= 
m@n 9$ ' $ / ?  D>>< 
mBn '9$    2& $ M77 +60 8
$0 +   +0 M2  q2 
22/ 2   @E + < D>>B 
mEn ;(H?  ?(  A   & ) A )# <JCB 
mFn ,   )2/.  ) A # <JCB 
m=n )0   #  0   # ,6   # 22/. $ 8
$ ?  D>>B 
mCn  ' # 7 ; . 9 + 20 .0A ++/.
 62-. )A   .6( <JC< 
mJn & 
1 / 2  2$2 2& + D 
) A # <J=C 
m<>n 4  2$ 2& 2 h    ) A )
<J=C 
m<<n  '  +$. &10 2 h A K# <JC< 
m<Dn %&.   # %&   ) + &?&( M22 
) A # <JJ< 
m<@n &   # )0   # &/ '    2 6 8
  6/0 +.. 9 ) A   .6(# <JJD 
